The time behaviour of microwaves undergoing partial reflection by photonic barriers was measured in the time and in the frequency domain. It was observed that unlike the duration of partial reflection by dielectric layers, the measured reflection duration of barriers is independent of their length. The experimental results point to a nonlocal behaviour of evanescent modes at least over a distance of some ten wavelengths. Evanescent modes correspond to photonic tunnelling in quantum mechanics.
I. INTRODUCTION
We are used to measuring a reflection time from partial reflection of light, for instance by a sheet of glass, that is determined by sheer thickness. The reflection is observed only after a time span corresponding to twice the layer thickness multiplied by the group velocity of light in glass.
Three hundred years ago Newton conjectured that light was composed of corpuscles and argued rather in the case of partial reflection by two or more surfaces: "Light striking the first surface sets off a kind of wave or field that travels along with the light and predisposes it to reflect or not reflect off the second surface." He called this process 'fits of easy reflection or easy transmission' [1] .
As theory and experiments have shown this is not correct. In the case of dielectric media with a positive real part of the refractive index n like glass, the reflection is composed of components from both the front and the back surface reflection of the sheet of glass.
Amazingly, in the case of reflection of particles by an opaque photonic barrier, where the index of refraction is purely imaginary, Newton's conjecture seems to be close to reality: Partial reflection by opaque photonic barriers suffers a short but constant time delay independent of the barrier's length. A barrier is called opaque if its transmission is less than 1/e. For the photonic barriers 2 investigated here, the incident particles can be simulated by localized wave packets. We found that for these wave packets the reflection time equals the transmission time observed in photonic tunnelling experiments [2] . This behaviour is opposite to the partial reflection of dielectric sheets and may be explained by a nonlocality of evanescent modes in opaque barriers. Nonlocality and causality were investigated in Ref. [3] and quite recently with respect to superluminal photonic tunnelling by Perel'man [4] .
II. EXPERIMENTAL SETUP
The experimental setup and the investigated photonic barriers are sketched in Fig. 1 
III. PARTIAL REFLECTION BY PHOTONIC BARRIERS
For a normal dielectric medium with a real index of refraction n > 1, e.g. a sheet of glass, the propagation of the reflected microwave pulse is expected to be reshaped by partial reflections at the sheet's two surfaces. The maximum intensity of the reflection depends on the thickness of the sheet and varies sinusoidal [1] . This behaviour is due to interference between waves reflected by the front and back surfaces of the single sheet. We are now investigating the behaviour of the photonic barriers sketched in Fig. 2 , which have a purely imaginary index of refraction. The partial reflection by the photonic barriers revealed a strange behaviour: if the length of the barrier was shortened from 8 to 4 or 2 layers (Fig. 2) , the time delay of the reflection kept constant whereas the amplitude decreased as a result of the increasing transmission (Fig. 3) . The measured time delay of the pulses reflected by the barriers differs approximately t ≈ 100 ps from the reflection time at the front mirror x 0 , see Fig. 4 . This delay time corresponds to the tunnelling time τ ≈ 1/f c for a signal in the microwave frequency range f c = 9.15 GHz [2, 5] .
To add further credibility to the time domain measurements, the reflection experiment was verified in the frequency domain using guided microwaves and a network analyzer HP-8510. The photonic lattices were constructed from layers of Perspex inside X-band waveguides in an analogous arrangement to the above presented free space experiment [6] . The geometry of the structure (a = 12 mm, b = 6 mm, and d = 130 mm) resulted in a forbidden band around f c = 8.44 GHz of width ∆f ≈ 100 MHz. Because the reflections at the Perspex layers inside the waveguide are stronger than in free space, the largest barrier consists of 6 layers of Perspex. To obtain a higher resolution we also used barriers with odd numbers of 3 and 5 layers. As a result, also for these unsymmetrical barriers the transmission and refection time of a pulse did not depend on the side of incidence.
After measuring the frequency spectra of the barriers for transmission and reflection, the propagation of pulses in the time domain could be reconstructed by Fourier transforms. In order to simulate the reflection at a photonic barrier, the frequency components within the band gap at f c was used to construct the pulses. Figure 5 shows the reconstructed pulses after a reflection by barriers of 3, 4, 5, and 6 layers. The frequency domain measurements confirm the above presented free space measurements: again the reflection time does not depend on the length of opaque barrier. 
IV. CONCLUSIONS
In both experiments the applied signal pulse had a carrier frequency f c in the center of the photonic barriers´forbidden band gap and a narrow frequency-bandwidth ∆f about 1 % of f c .
Thus all frequency components of the signal were evanescent. In this case there is no finite phasetime or group delay expected nor observed for the wave packet inside a barrier [7, 8] . Such a behaviour seem to explain the experimental data of reflection by opaque barriers: Evanescent modes appear to be nonlocal at least up to some ten wavelengths as experiments have shown in this study. The distance of observing nonlocality effects is limited by the exponential decay of the field intensity of evanescent modes, i.e. of the probability in the wave mechanical particle analogy.
In measuring the reflection duration of wave packets by photonic barriers we observed that the partial reflection by the back surface has an instantaneous effect on the amplitude, whereas the reflection duration is not changed. Obviously the information on photonic barrier length is available at the barrier's front surface within the short tunnelling time. This is a strange property which Newton suggested erroneously to explain partial reflection of corpuscles by dielectric layers [1] .
